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Abstract . The development of antennas that will function more effectively at
higher frequencies is necessary as wireless communication technologies
progress toward the next generation, 6G. The goal of this project was to create
and improve an antenna system that is suitable for 6G while taking high-
frequency communication concerns into account. The goal was to create an
antenna with a high gain, broad bandwidth, and excellent power transmission
efficiency for the 1 GHz—100 GHz communication frequency range. In
particular, the method included creating a Solid Works CAD model of the
suggested antenna design and running several MATLAB electromagnetic
simulations of it to evaluate its performance. To meet the needs of 6G
communications, the standing wave ratio, return loss, gain, and radiation
pattern, as well as the input impedance, were looked at and changed. The
findings show that the suggested antenna has excellent qualities; the gain
increases gradually to 45 dB at 100 GHz; the emission pattern is directed; and
the reflection loss is also low. By providing the scientific community with a
reliable and ideal solution for the antennas of the next wireless communication
networks, this research has really achieved its goal.
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1. Introduction

The speed at which wireless communication is developing has drastically altered the
way that people engage with one another globally. From the first generation to the
fifth generation, communication networks have gradually improved their capacity,
reduced latency times, and increased data transmission rates. Higher data speeds and
lower latency have been demanded since the beginning of wireless communications,
which has fueled the development of 5G technology and ongoing efforts to create 6G
technology. One thing that people are looking forward to about 6G technology is that
it will be able to work at higher frequencies, like millimeter waves and terahertz. This
will allow data speeds to be several orders of magnitude faster than they are now.
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However, the transition to 6G is not without its challenges, particularly with regard to
the deployment and design of the antennas needed to function at such high
frequencies [1]-[5].

This study primarily focuses on the design and implementation of a 6G-ready
antenna, which has demonstrated successful operation at high frequencies. Its
primary goal is to create an antenna that can directly integrate these two technologies
by meeting both the ultra-high data speeds anticipated for 6G and 5G. The website
concentrates on fundamental design elements such as bandwidth, radiation patterns,
and figures of merit in order to increase the communication system's overall efficacy.
This study also aims to deal with the design problems that come up with high-
frequency bands to make sure that the suggested antenna system works well in real
life.

The potential of the data to be used in the design of the next wireless communication
system is what makes this research significant. This research is crucial for laying the
groundwork for next-generation wireless networks in addition to improving our
understanding of today's antenna design aims. The results of this study are anticipated
to be very important as they will contribute to the body of information already in
existence and influence practical applications in the telecommunications industry.
The literature study includes an examination of several innovative solutions and
technological advancements [6]-[10].

The theory of FAS in 6G networks, including communication theory, optimization
techniques, and hardware design. According to their research, FAS has the ability to
provide flexible and multiplexing benefits as well as the ability to dynamically
reconfigure radio-frequency properties. Given how sensitive 6G networks are to the
communication environment, this strategy is crucial for their growth. The lesson was
a useful addition since it covered the problems with implementing FAS in 6G
technologies as well.In 2023, attempted to use artificial intelligence to construct a
rectangular microstrip patch antenna for 6G connectivity with excellent efficiency.
While the second form of noise, wideband noise, had levels of 3094 dB with
efficiencies of 6.3943 dB and 6.35 percent, respectively, they were able to achieve
respectable increases of 6. The results were 98.651% and 98.338%, respectively. This
study also showcased the potential of artificial intelligence (Al) in enhancing high-
frequency antenna configurations, a critical aspect of 6G networks. The incorporation
of artificial intelligence (Al) into antenna design by the authors is a forward-thinking
concept that, with further use, might result in effective communication
methods.According to a new terahertz AiP for 6G communication has been proposed.
It has a vertical power divider and a wideband dual-polarization antenna array. They
also examined the difficulties in merging MET-based antenna arrays with multilayer
PCBs, focusing on operating at frequencies ranging from 136 to 148 GHz. Achieving
small and high-performance antennas for the terahertz band is one of the key
challenges that makes the authors' design approaches relevant to the 6G technology.
A small MIMO antenna that has been changed to have a fractal structure and a wider
operational bandwidth that works with 6G THz mobile terminals. This design's large
bandwidth and excellent gain are crucial for future 6G high-frequency
communication systems. The author made it easier to understand the basic idea
behind improving the performance of fractal designs by comparing them to an O-
shaped single elementary loop antenna model and other designs that have already
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been written about. This study advances our understanding of the technologies that
would enable 6G to provide the ultra-high data rates and bandwidths that are required
via appropriate antennas.
Mission/Goal: 82 dBi with a 33.8% impedance bandwidth. They concentrated their
efforts on acquiring profiled radiation properties for broadband applications that
require high transmission data rates. This research is a useful attempt to go from
theoretical to real 6G antennas since the authors' concentration on THz frequencies
aligns with the anticipated operating frequency of a variety of 6G systems. High-gain
broadband microstrip antennas with frequencies higher than 107 GHz for use in
upcoming 6G networks. For their study, they used frequency-selective surfaces
(FSSs) and substrate-integrated waveguides (SIWs). To test the designs, they used
the finite element method (FEM) and the finite integration technique (FIT). The
directivity and broadband performance that the authors discuss are crucial for 6G
communication systems to function well at high frequencies, in my opinion.

A D-band low-cost high-gain phase antenna array with a gain of 26.7 dBi at 140 GHz
and a 3-dB bandwidth of 136-140 GHz. A scanning range of + 45 degrees was also
included in the phased array design, which is essential for the beamforming used in
6G networks. The relevance of phased array technology and its need for achieving
6G communication performance in the D-band are shown by the research that is
being presented. A novel single-band antenna design with a high gain for the 6G
wireless technology. The antenna operates at a resonance of 150 GHz, with a 3 dB
gain and a broad bandwidth of approximately 17 GHz. High gain and broad
bandwidth will be required in the future for the communication system, according to
the authors, who also presented the needs and development patterns of the 6G
antenna. Therefore, this study provides insight into the unique characteristics and
objectives of 6G antennas. The goal to create a new graphene-based MIMO antenna
for 6G that would function at the 6G THz band. The study showed that graphene-
based materials have benefits such as wider bandwidth, lower return loss, better gain,
and even more features that can be configured if needed. These are all very important
for high-frequency communication. In an effort to uncover the potential of graphene-
based antennas in 6G networks, this research also examined the assessment of the
diversity gain (DG) and envelope correlation coefficient (ECC) for short-distance
communication.With 6G in mind, showed how to directly change a group of
microwave signals into THz waves at around 300 GHz. They suggested using a high-
frequency hybrid modeling technique to produce a high-gain curved radiation pattern.
In this regard, one of the improvements in achieving a high-performance antenna for
6G communication, particularly at mm-wave and THz frequencies, is the authors'
work on supershaped dielectric lenses.

A new 6G cellular communication architecture that separates the middle RAN based
on high-level protocols and security principles in the antennas. Their work is focused
on integrating new technologies into current communication frameworks, specifically
addressing some of the difficulties that define the first stages of the 6G research and
development process. The authors' findings may serve as the foundation for future
research projects examining the integration of complex antenna designs in 6G
networks.Recently, an ultra-small, efficient 8x8 massive MIMO antenna design for
the 36-60 GHz band was suggested. The study demonstrated its extreme
effectiveness, making it suitable for use in future 6G wireless communication
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systems. The study found that in order to achieve the high capacity and data speeds
required by 6G networks, a significant revolution of the transceiver technology was
required. The authors' work significantly advances the design of small, high-
performing MIMO antennas for 6G applications.RHS was looked at that they could
use closely packed metamaterial parts for ultra-massive MIMO in 6G to get high
beam-pattern gain and different types of signals in different areas. Their research was
mostly about the technical parts of RHS for 6G communication and how well it
works for redesigning antennas in very high frequency bands. The authors' approach
may, in fact, be considered a milestone in the development of 6G antenna
technology.In 2023 presented a MIMO antenna design with a decoupling network
that offered very high performance for 6G at 300 GHz. In their research, they
demonstrated the use of decorrelation techniques in MIMO antenna design,
particularly for 6G high-frequency applications. As a result, the authors' work
advances our understanding of the efficient and effective MIMO antennas that will be
used in communication systems of the future.They calculated and simulated a tooth-
shaped patch antenna for 6G wireless applications at 300 GHz and found that it had a
high gain of 9.45 dB. Given this, the study concentrated on 6G antennas with high
gain, with a particular emphasis on connecting long-distance communication in the
terahertz frequency region. It has been discovered that the authors' investigation into
new patch antenna designs aids in resolving issues with 6G technology's high-
performance antennas.They mostly worked on getting the multi-GHz bandwidths and
high radio-frequency sampling rates of MIMO arrays so they could test and make
prototypes of 6G antennas [11]-[15]. The authors' contributions to the area of FPGA-
server architectures are noteworthy because they provide a versatile setting for the
design and assessment of 6G communication systems.

2. Methodology

This section describes the process used to develop and construct a 6G-ready high-
frequency communication antenna system. The project is simulation-based and
focuses on two main areas: the assessment of the antenna's electromagnetic properties
in MATLAB and the complete Computer-Aided Design (CAD) model created in
SolidWorks. This work's methodological framework is meant to support every stage
of the design and simulation process while concentrating on the techniques and
resources needed to produce the expected outcomes. The method ensures that the
created antennas will meet the 6G criteria by combining the use of SolidWorks with
the development of sophisticated models and simulations using MATLAB.

The design process began with the creation of a structural design model using
SolidWorks, a computer-aided design program used to create the antenna's physical
design structure. SolidWorks was chosen because of its capacity to evaluate
mechanical and electromagnetic properties and simulate intricate geometric
structures. The produced CAD model took into account the practicality of the 6G
antenna, its power capabilities, and its functional capacity at high frequencies.

The dipole structure, one of the simplest and most effective designs often used at
high frequencies, served as the starting point. The shape and size of the dipole
antenna were chosen so that it could work at the right frequencies, especially in the
millimeter-wave and terahertz bands, which could be used for 6G technology.
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Calculations were performed to establish the dipole's length in order to allow the
antenna to reach the electrical length needed for resonance at these frequencies.Since
the substrate material serves as the direct input for the antenna's impedance,
bandwidth, and overall performance, it was a crucial factor in the design process. For
the creation of the suggested PCB, a high-frequency substrate with a low loss tangent
and high-performing dielectric material was used. Given the near-optimal tradeoff of
bandwidth and impedance matching, the material's dielectric constant was selected.
The substrate's thickness and dielectric properties were chosen to maximize the
antenna's performance, and it was shown as a layer situated just underneath the
dipole components.Because this was needed for optimization, the dipole's CAD
model was given parameters. During the simulation phase, many important variables
were changed, such as the overall shape, the thickness of the substrate, and the length
and width of the dipole arms. The research found that the notion of parametric
modeling was helpful in determining the design.Ensure you have a setup that meets
the performance requirements and is appropriate for 6G communication.
With the use of feature modeling, the antenna's properties could be strictly controlled,
and later on in its development, the proper manufacture of the chosen design could be
guaranteed.

Following the creation of the CAD model, the second step in the design process
involves utilizing MATLAB to simulate the electromagnetic properties of the
antenna. We chose MATLAB due to its powerful toolbox for handling
electromagnetic issues and its effective computational characteristics. The primary
goals of the simulations were to evaluate the antenna's gain, bandwidth, input
impedance, return loss, and radiation patterns.

1) Wavelength and Frequency Range Calculations

Based on the last stages of the project and earlier research, the working frequency
range of the simulation was changed from 1 GHz to 100 GHz in order to accurately
represent the 6G system operating band. The following formula was used to get the
matching wavelength for each frequency within this range:

Z0 is the transmission line's characteristic impedance, typically 50 ohms, and Zin is
the antenna's input impedance.There should be little reflection and maximum power
transfer from the transmission line to the antenna because the turn loss throughout the
operating frequency range should be low.

2) VSWR, or voltage standing wave ratio

The Voltage Standing Wave Ratio (VSWR) was then calculated to assess how well
the antenna's impedance matched. VSWR provides information on the power
transmission capacity between the aerial or antenna and the transmitting line. These
wavelength calculations were very important for figuring out the antenna's size,
especially the length of the dipole arms, so that it could resonate at the desired
frequencies. The antenna's physical size and the signal's wavelength are the most
important factors in antenna design. To make the right design, the antenna's gain and
radiation characteristics must be figured out.

3) Loss of Input and Return

We used the electromagnetic toolboxes in MATLAB software to determine the
antenna's input impedance. Another crucial factor that determines how well the
antenna and transmission line match is input impedance, which is typically 50 ohms.
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Most of the time a good impedance match is therefore indicated by a VSWR around
1, which suggests that only a tiny portion of the power is reflected and the remainder
is radiated. We conducted the VSWR throughout the whole frequency range to
ensure the antenna offered a suitable impedance matching at all working frequencies.
This study's reasoning enabled both the electromagnetic simulation in MATLAB and
the CAD modeling in SolidWorks. Given the stringent requirements for high-
frequency transmission, this approach proved successful in the design and
enhancement of the 6G-ready antenna system. The several modeling, simulation, and
optimization techniques that were used also contributed to ensuring that the design
could be implemented in real-world scenarios in addition to being optimized. With
the help of factors that show gain, bandwidth, impedance matching, and efficiency,
this method gave detailed instructions on how to plan and build next-generation
communication systems.

3. Results Analysis and Discussion

This section presents and discusses CAD modeling, which was done in Solid Works,
as well as electromagnetic simulations that were done in MATLAB. These results are
crucial for evaluating the planned 6G-ready antenna system and understanding how
its features vary based on the frequency range. Depending on the outcomes, an
interpretation of the findings' relationship to the study objectives is included along
with data and images. While the results of the MATLAB simulation provide
information about the electromagnetic characteristics of the antenna, including the
input impedance, VSWR, return loss, gain, and radiation pattern, the visual outputs of
the CAD model are displayed on the following figures to show the physical design of
the antenna.
The many perspectives of the antenna's CAD model are shown here. The geometry of
the physical construction of the antenna, which has been constructed to operate on
frequencies as high as those mentioned above, is shown in figure 1 excellent
resolution using the attached SolidWorks model. Additionally, it has a dipole
structure on a strengthened base thanks to the application of a substrate layer, which
has to be composed of a dielectric substance with good performance. Trimetric
perspective aids in obtaining a more comprehensive understanding of the device, and
several viewpoints such as front, top, and left describes the antenna's three-
dimensional design is shown in Figure 2.
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Fig.1.IsometricViewof6 G-ReadyAntennaSystemforHigh- Frequency
Communication
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Fig.2. DifferentViewsof 6 G-Ready Antenna Systems forHigh- Frequency
Communication

According to these opinions, the necessary electromagnetic qualities have a
significant impact on the size and, to a lesser degree, the material of the antenna
when it comes to creating its physical form and size. The model incorporates the
structural design requirements and illustrates the construction and integration process
within the existing communication networks. When it comes to applying
electromagnetic at numerous frequency ranges, which will be common for 6G
systems, geometry and orientation are crucial. Since the SolidWorks model creates
the virtual prototype of the antenna, it serves as the foundation for all MATLAB
simulations.

When it comes to matching the antenna to the transmission line over a wide
frequency range, the input impedance vs. frequency plot is quite instructive. The
solid blue line represents the impedance's most real portion, which is rather
consistent, while the dashed red line represents the imaginary part's variations. This
indicates the reactive components of the antenna, a common sight in high-frequency
circuits. The lower frequencies display valleys and peaks.
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The antenna's highest and lowest reactance-related resonant and anti-resonant
frequencies, as well as the impedance, are important factors to consider. This graph is
significant because it demonstrates a clear relationship with the power transfer
efficiency of the antenna is shown in Figure 3. Because it reduces return loss or the
reflection coefficient and increases power transfer to the antenna, a load impedance
around the transmission line's characteristic impedance typically 50 ohms is the most
suitable. In accordance with the concept of having a multi-frequency 6G-ready
antenna, the impedance characteristics were evaluated at different frequencies, and,
to the fullest extent possible, the provided antenna could function at multiple
frequencies.
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Fig.3. Input Impedance vs. Frequency Plot

Additional elements of the antenna's impedance match are identified by a graph of
VSWR and the associated frequency. A relative indicator of the transmission line's
capacity to transmit power from the radio frequency source and radiate it into the
antenna is called VSWR. In actuality, it is preferable for the VSWR to be around 1,
indicating ideal antenna-to-line matching. There are mismatches at these locations
because the graph displays many localized maximums at certain frequencies that are
directly related to the VSWR's abrupt rise is shown inFigure 4
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Fig.4. VSWRvs.Frequency Plot

The graph also shows that the VSWR is close to one at a few frequencies, indicating
that the antenna is well matched and transfers power best at those frequencies. This
finding is helpful for designing a 6G antenna, as it indicates that it can operate at

Return Loss vs Frequency
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different frequencies to efficiently control the wide bandwidth utilized in wireless
Fig.5. Return Loss vs. Frequency Plot

communication systems of the future. The return loss vs. frequency graph graphically
displays the amount of power that mismatches reflect back towards the source.
Decibels (dB) are often used to describe return loss; the greater the value, the better
(meaning that power is reflected as it is most strongly emitted by the antenna).
Variations with the first few peaks in the first figure suggest that there is little
reflection at these frequencies since the return loss is good.

This behavior plays a crucial role in ensuring the antenna functions properly across
all intended frequencies. Only in this manner, and not in any other, can one acquire



Design and Implementation of A 6G-Ready Antenna System For ... 2201

data rates and dependable connections in 6G communications. The high return loss at
certain frequencies indicates that losses have been reduced and energy has been

Frequancy {

Fig.6. AntennaGain vs.FrequencyPlot

disseminated in the correct directions.The frequency is on the horizontal axis, and the
gain is on the vertical axis. This graph displays the antenna's gain response to
frequency. Gain is a measurement of the amount of energy focused in one direction;
the higher the gain, the more effective the transmission across long distances is
shown in Figure 6. In this instance, it is evident that the gain increases steadily with
frequency and reaches its maximum in the upper range.

This growing tendency indicates that the suggested antenna might be usedat
high frequencies, such as in6Gnetworks. The antenna can transmit strong,
close-knit, long-sighted signals that are necessary for high-exact data
transfers and reliable connections, according to the information that it is
feasible to gather and maintain high gain in the wide frequency range.The
antenna transmits energy at the specified frequencies as shown by the
radiation map for 10 GHz, 60 GHz, and 100 GHz. These patterns all show
the several directions in which the radiated power is focused, as does the
more well-known figure 8 that corresponds to a dipole antenna.

Radiation Pattom at 10 GHz Radiation Pattarn at 60 GHz Radation Pattern at 100 GHz
o0 o &
20 M 60 120" W00 B0 1207 3a0* 60
B0

Fig.7. Radiation Patterns at10GHz, 60GHz, and 100 GHz
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This group Because of the rather broad beamwidth at 10 GHz, the antenna is emitting
energy across a wide region. The shorter lobes and greater confinement of patterns at
60 and 100 GHz indicate that more energy is being channeled in certain directions by
the antenna is shown in Figure 7. This behavior is consistent with 6G communication
design goals, which call for more or less conical radiation patterns to guarantee
strong transmissions and low interference in densely populated communication areas.

Also, the radiation pattern data supports the idea that the antenna that was made is
directional enough to provide the high frequency communication features that will be
needed for the next generation of communication networks, which is expected to be
6G.The plot of the optimum antenna gain versus frequency shows how much antenna
design and optimization can improve. With gains ranging from 0 to 100 GHz, the
graph shows a virtually linear connection between frequency and gain. At the highest
frequency, the gain is around 45 dB.The antenna is capable of transmitting strong,
close-knit, long-sighted signals, which are essential for high-exact data transfers and
reliable connections. It is feasible to gather and maintain high gain in a wide
frequency range.The antenna transmits energy at the specified frequencies as shown
by the radiation map for 10 GHz, 60 GHz, and 100 GHz. These patterns all show the
several directions in which the radiated power is focused, as does the more well-
known figure 8 that corresponds to a dipole antenna.

Optimized Antenna Gain vs Frequency

Oytimized Gain (d8B)
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Fig.8. Optimized AntennaGainvs.Frequency

Since it demonstrates the feasibility of the optimization approaches used for the
antenna construction, the aforementioned result is quite promising. Since 6G
communication systems will use a higher frequency, the antenna that was built has
better directionality and sends more energy in the right direction. This is shown by
the fact that the gain kept going up as the frequency went up. Unquestionably, long-
distance communication and good signal quality in high densities are two
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characteristics of high gain that will be crucial in the 6G public networks.
The graph's green curve indicates that the optimization method has enhanced the
antenna for higher frequencies, which may be a beneficial way to address the
problems with next-generation wireless communication. In addition, it shows that the
antenna works well across a wide range of frequencies that are smoothly curved. It is
also good at providing reliable signal strength in real-world situations. This is in line
with the study's purpose of constructing an ideal antenna to serve the highly
complicated and broad need of 6G wireless networks.

The results provide a thorough evaluation of the actualized 6G-ready antenna
system's performance over a range of frequencies. In this instance, the CAD model
created in SolidWorks enabled the modeling of the antenna's electromagnetic
properties, with the simulation results in MATLAB being essential for assessing the
antenna's attributes. The input impedance plot we looked at in the last section showed
that the imaginary part of the impedance showed how reactive the antenna was over a
wide frequency range. On the other hand, the real part of the impedance was mostly
real and should change at a frequency as expected. However, this stability is essential
for both the proper functioning of the antenna at various frequencies and to prevent
significant power losses while transferring power.

The VSWR graph made it easy to see which frequencies had good impedance
matching, which meant that the antenna could have low reflection coefficients and
high transmission coefficients. This feature is crucial when dealing with the 6G
communications situation, which requires consistent signal maintenance over a wide
bandwidth. The antenna was designed to reduce power reflection and radiation
inefficiency, which is crucial for achieving high data rates across busy
communication lines in crowded locations, according to evidence on the performance
of the turn loss data.According to the gain study, the gain rises with frequency and
reaches a maximum of around 45 dB at 100 GHz.This clearly shows that the antenna
can focus energy more efficiently as the frequency goes up. This is exactly what 6G
systems expect because they need high gain for long-range and high-capacity
transmission. It was found that the antenna's narrow directional pattern, which is
important for reducing interference and increasing signal strength in high-frequency
transmission, was supported by studies of radiation patterns at different frequencies.
Overall, it can be said that the suggested antenna is appropriate for maximizing 6G
communication performance while ensuring the dependability required for the next
wireless network generation.

4. CONCLUSION

The modeling and development of this antenna system demonstrate its 6G-ready
capability. The main tools used in this study were MATLAB's electromagnetic
analysis tool and SolidWorks' advanced three-dimensional CAD modeling software.
They improved the shape of an antenna design that has a high bandwidth gain and a
high bandwidth tenability between 1 GHz and 100 GHz. The results indicate that the
printed monopole antenna that was constructed has a very low VSWR, a tiny return
loss, and a better gain as the frequency rises. We recorded a gain of 45 dB at the
greatest upper range. These features are crucial for 6G applications' long-distance,
bandwidth, and rate requirements. The radiation pattern analysis validates the
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antenna's improvised configuration by effectively directing energy and reducing
interference. In conclusion, this research has achieved its goal of creating a
dependable and effective antenna system that is appropriate for the high frequencies
of 6G networks. This makes it possible to effectively optimize basic parameters like
gain and bandwidth. This is proof that this approach to antenna design may lead to
big steps forward in 6G technology in the future.
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